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© PEPTIDE AND ADSORBENT COMPRISING SAME IMMOBILIZED ON CARRIER. 

© This invention relates to a peptide capable of combining with interleukin 6 and an adsorbent for interleukin 6 
comprising said peptide immobilized on a carrier. 
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PEPTIDE AND ADSORBENT THEREOF IMMOBILIZED ON CARRIER 
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FIELD OF THE INVENTION 



The present invention relates to a peptide being capable of binding to interleukin 6, and an adsorbent 
for interleukin 6 comprising the peptide immobilized on a carrier. 

It is known that interleukin 6 (hereinafter abbreviated as IL-6) acts on lymphocytes which are capable of 
producing an antibody to remarkably enhance productivity of the antibody, and IL-6 is considered to be one 
of causative agents of autoimmune diseases such as rheumatism and the like. Accordingly, the peptide and 
the adsorbent of the present invention are useful for treatment of autoimmune diseases such as rheumatism 
and the like. 



is 



PRIOR ART 



Science Vol 241 pages 825 to 828 (1988) reports that a precursor of human interleukin 6 receptor 
(hereinafter abbreviated as IL-6 receptor) is composed of 468 amino acids and its primary structure has 
been elucidated. According to this report, the primary structure of a mature type IL-6 receptor is 

represented by the formula: 
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Val Ala Arg 
Val Thr Leu 
Ala Thr Yal 
Ser His Pro 
Leu Leu Arg 
Ser Cys Tyr 
Leu Leu Yal 
Cys Phe Arg 
Trp G 1 y Pro 
Yal Leu Leu 
Asp Phe Gin 
Ly s Phe Ser 
Ser Phe Tyr 
Gly Ser Lys 
G 1 y I le Leu 
Thr Ala Val 
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Leu Arg Phe 
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Cys Yal lie 
Yal Gin Leu 
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Arg Ser Pro Pro Ala Glu Asn Glu Yal Ser Thr Pro Met 
CU Ala Leu Thr Thr Asn Lys Asp Asp Asp Asn lie Leu 
Phe Arg Asp Ser Ala Asn Ala Thr Ser Leu Pro Yal GU 
Asp Ser Ser Ser Yal Pro Leu Pro Thr Phe Leu Yal Ala 
Cly GU Ser Leu Ala Phe GU Thr Leu Leu Cys lie Ala 
He Yal Leu Arg Phe Lys Lys Thr Trp Lys Leu Arg Ala 
Leu Lys Glu GU Lys Thr Ser Met His Pro Pro Tyr Ser 
Leu GU Gin Leu Yal Pro Glu Arg Pro Arg Pro Thr Pro 
Val Leu Yal Pro Leu lie Ser Pro Pro Yal Ser Pro Ser 
Ser Leu GU Ser Asp Asn Thr Ser Ser His Asn Arg Pro 
Asp Ala Arg Asp Pro Arg Ser Pro Tyr Asp lie Ser Asn 
Thr Asp Tyr Phe Phe Pr o Arg 

Further. Medical Immunology. Vol. 15. pages 195 to 201 (1988) discloses a report of a relation between 
IL-6 and autoimmune diseases. , . . 

In treatment of autoimmune diseases such as rheumatism and the like, it has been requested to 
establish means for removing IL-6 which is considered to be a main causative agent of such diseases. 
However, any practical method thereof has not yet been established. u . .. . „ c 

One object of the present invention is to provide a novel peptide being capable of binding to IL-6. 
Another object of the present invention is to provide an adsorbent for IL-6 comprising the novel peptide 
immobilized on a carrier. 

DISCLOSURE OF THE INVENTION 

According to the present invention, there is provided (1) a peptide being capable of binding to IL-6 
represented by the general formula: 



H-X-A-Y-Z 



[wherein A is a peptide segment formed by binding 6 to 50 amino acids; each of X and Y is a single bond 
or an amino acid residue selected from the group consisting of Asp. Glu. Lys. Ala and a divalent group of 
the formula: -NH(CH 2 ) n -CO-(wherein n is an integer of 1 to 17). or a peptide segment composed of 2 to 10 
amino acid residues selected from the above group which are bound to each other through a pept.de bond; 
Z is hydroxy! group or amino group]. Further, according to the present invention, there .s prov.ded (2) an 
adsorbent comprising the peptide immobilized on a carrier. 

In the present specification, various amino acid residues are abbreviated as follows: 

Ala: L-alanine residue, 

Arg: L-arginine residue, 

Asn: L-asparagine residue. 

Asp: L-aspartic acid residue. 

Cys: L-cysteine residue, 

Gin: L-glutamine residue, 
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Glu: L-glutamic acid residue, 
Gly: glycine residue. 
His: L-histidine residue, 
He: L-isoleucine residue, 
Leu: L-leucine residue, 
Lys: L-lysine residue, 
Phe: L-phenylalanine residue, 
Pro: L-proline residue, 
Ser: L-serine residue, 
Thr: L-threonine residue, 
Trp: L-tryptophan residue, 
Tyr: L-tyrosine residue, 
Val: L-valine residue. 

Further, in the present specification, the amino acid sequence is described in such a manner that the 
amino acid residue at the N-terminal is located on the left hand and the amino acid residue at the C- 
terminai is located on the right hand according to the conventional method. 

As the peptide segment represented by X and Y in the general formula (I), for Example, there are the 
following peptide segments: 

- Ala- Gly- . - Asp- Asp- . - Glu- Glu- . 

- Lys- Lys- . - Asp- Ala- ; - Gly- Gly- . 
-t-HH(CH t ),.C^. -e-NHCCH,),^:. - Ala- Lys-. 

0 . .. 0 

- Asp - Glu - . - Asp - Gly - . " Asp- . 
-Glu-Lys-. -Lys-Gly-. - Ly s - N H (CH , ) , . C - . 



-Gly-As P - . -Gly-Lys- . - NH(CH t )iiC— Glu- 

0 
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- !iH(CH,),,C- Lys-.. - HH(CH,),,jj- Asp- . 
§ 0 

- HHCCH.) ,.tC- Lys- . - Lys-Lys-Cly- . 
0 

-Ala-Ala- Lys-. -*-Asp)-f. -HiluH. 
-£-L ys)-s, -<-G 1 y 7-s . "^-A 1 a H . 
-e-HH(CH,),,CK. -f-HH(CH,),7C^. 

0 o 

- Lys- Asp- Clu- Cly- NH(CH,),tC- . 

0 



-Gly - Lys - Glu - Glu - Asp-. 

- Asp- CU- HH(CH,).,jj- Lys- Gly- Lys- . 

0 

-f-AspKo. -e-Aia>-,o. -Hi^- -H.y«^v 
-^}iy^o. -H(HCca,)-.,C3-... -E-nhCchO-c^o, 

- Lys- Glu- Gly- SH(CH t ) . ,C- Asp- Asp- Lys- L y s — G 1 u - Gly. 

0 

- Lys - Clu - Glu - Gly - Asp - Asp - Lys - Lys - Gly - Gly 



When the peptide represented by the general formula (I) wherein X and/or Y are peptide segments 
composed of 11 or more amino acid residues selected from the above group which are bound to each other 
through a peptide bond, such a peptide may not have ability to binding to the desired IL-6. 
40 Suitable examples of the peptide segment represented by A in the general formula (I) are as follows. 
The amino acid residues of each peptide segment may be those subjected to homologous substitution. 
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Pro - Gly - Asp - Ser - Yal - Thr 
Pro- Gly- Val - Glu- Pro- Glu 

His - Leu - Leu *f Yal - Asp - Yal 
Glu - Pro - Gin - Leu - Ser - Cys 

Ser - Leu - Thr - Thr - Lys - Ala 
Yal - Arg- Lys - Phe- Cln- Asn 
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Gin - Asn - Ser - Pro - Ala - Glu 
Glu - Pro - Cys - Gin - Tyr - Ser 

f r p - Leu- S e r - V a 1 - Thr- Trp 
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L y s - 
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The peptide represented by the general formula (I) wherein A is a peptide segment formed by binding 
5 or less amino acids has no ability to binding to IL-6, or its ability to binding to IL-6 is insufhcient for the 
practical use. Further, it js not practical to synthesize a peptide segment being capable of binding to the 
desired IL-6 and formed by binding 51 or more amino acids. 

The synthesis of the peptide of the general formula (I) can be carried out by the conventional method 
usually employed in peptide syntheses, for Example, a solid phase synthesis, or a liquid phase synthesis 
such as stepwise elongation, fragment condensation or the like. In view of the operation, a solid phase 
synthesis is convenient [see, for Example, Journal of the American Chemical Society, Vol. 85, pages 2149 
to 2154 (1963)- "Seikagaku Jikken Koza (Biochemical Experiment Lecture 1, Protein Chemistry IV, 
Chemical Modification and Peptide Synthesis)" edited by The Japanese Biochemical Society, published 
November 15, 1977 by Tokyo Kagaku Dojin Co., Ltd.. pages 207 to 495; "Zoku-Seikagaku Jikken Koza 
(Biochemical Experiment Lecture Second Series 2, Protein Chemistry, the last volume )" edited by The 
Japanese Biochemical Society, published May 20, 1987 by Tokyo Kagaku Dojin Co.. Ltd, pages 641 to 694; 
etc ] 

The production of the peptide of the general formula (I) according to a solid phase synthesis is carried 
out by using a polymer such as styrene-divinylbenzene copolymer which is insoluble in a reaction solvent 
as a solid phase carrier. An amino acid or amino acid amide corresponding to the C-termmal of the desired 
peptide is bound to the solid phase carrier by utilizing a-COOH group or a-CONH 2 group thereof. Then, 
corresponding amino acids or peptide segments are bound to the amino acid or amino acid am.de in order 
through peptide bonds toward the direction of the N-terminal of the desired peptide. In this case, usualh/. 
the amino acid or peptide segment to be bound is added after protection of any functional group of the C- 
terminal other than a-COOH group. In addition, usually, an amino acid, or amino acid amide or peptide 
segment on the solid phase carrier is subjected to a peptide bond formation reaction after removal of a 
protecting group only for the a-NH 2 group. Formation of peptide bonds are carried out by a known method 
such as a dehydration condensation method using carbodiimide or the like. The desired peptide can be 
obtained by forming a peptide chain corresponding to the desired peptide on a solid phase earner 
removing it from the solid phase carrier and removing any protecting group from any protected functional 
group and. if necessary, purifying the resulting peptide. In this case, removal of the peptide chain from the 
solid phase carrier and removal of the protecting group can be carried out by a known method and it is 
preferred that these operations are carried out at once by using hydrogen fluoride from the v.ewpoint of 
inhibition of a side reaction. Further, the purification of the resulting peptide can be efficiently carried out by 
reversed phase liquid chromatography. 

Since the peptide of the general formula (I) is capable of. binding to IL-6. it can inhibit binding of IL-6 to 
its receptor. Therefore, the production of autoantibody can be inhibited by administering the peptide of the 
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general formula (I) to a patient suffered from autoimmune diseases such as rheumatism and the like, 
wherein the production of an autoantibody caused by binding IL-6 to its receptor is accelerated. 

A dosage to manifest an effective activity of the peptide of the general formula (I) is not more than 2 
g/kg t preferably, not less than 1 M g/kg to not more than 200 mg/kg. As preferred dosage forms and routes 

s of administration, for Example, there is a solution of the peptide of the general formula (I) dissolved in water 
or a physiologically acceptable salt solution such as physiological saline solution [e.g.. a solution obtained 
by dissolving 1 mg of the peptide of the general formula (I) in 100 ml of 5% glucose solution or the like] by 
intravenous administration, subcutaneous administration, intraperitoneal administration and the like. 

Further, the peptide of the general formula (I), or the above solution in water or a salt solution can be 

to administered orally in the form of a capsule or liposome. It can also be administered percutaneously in the 
form of an oil. The peptide of the general formula (I) dose not manifest a remarkable acute toxicity at the 
above dosage. 

Furthermore, the peptide of the general formula (I) is immobilized on a carrier and is used as an 
adsorbent of IL-6. One or more peptides of the general formula (I) can be used for the immobilization. 

is As the carrier to be used for immobilizing the peptide of the general formula (I), that having a 
hydrophilic surface and a reactive functional group such as amino group, carboxyl group, hydroxyl group or 
the like which can be utilized to form a covalent bonding with the peptide is preferable. Further, when the 
peptide is used as an adsorbent to adsorb IL-6 in a body fluid of a patient with an autoimmune disease, the 
above carrier is preferably insoluble to the body fluid and porous. As the porous carrier having a wide 

20 effective area to adsorb IL-6, a carrier having an exclusion limit protein molecular weight of about 10 6 to 10 9 
or an average pore diameter of about 50 to 1000 nanometer can be preferably used. The carrier can be in 
any desired form such as particles, fibers, sheets, hollow fibers and the like. As these carrier, there are 
organic carriers, for Example, cellulose carriers such as CM-Cellulofine CH (exclusion limit protein 
molecular weight: about 3 x 10 6 , sold by Seikagaku Kogyo Co., Ltd.) and the like, polyvinyl alcohol carriers 

25 such as TSK-gel CM-Toyopearl 650C (exclusion limit protein molecular weight: 5 x 10 s , manufactured by 
Toso Co., Ltd.), polyacrylamide carriers such as CM-Trisacryl M (exclusion limit protein molecular weight: 1 
x 10 7 , manufactured by Pharmacia-LKB, Sweden) and the like, agarose carriers such as Sepharpse CL-4B 
(exclusion limit protein molecular weight: 2 x 10 7 , manufactured by Pharmacia-LKB, Sweden) and the like; 
and inorganic carriers, for Example, porous glass such as CPG-1 0-1 000 (exclusion limit protein molecular 

30 weight: 1 x 10 8 , manufactured by Electro-nucleonics Co., U.S.A.) and the like. 

Immobilization of the peptide of the general formula (I) on the carrier can be carried out according to a 
method generally employed in immobilization of a peptide or protein on a carrier. As methods for 
immobilization, for Example, there are a method comprising reacting carboxyl group contained in a carrier 
with N-hydroxysuccinimide to convert the carboxyl group into succinimidoxycarbonyl group and reacting 

35 this with the peptide of the general formula (I) at the amino group site (activated ester method); a method 
comprising condensing amino group or carboxyl group contained in a carrier with the peptide of the general 
formula (I) at the carboxyl group or amino group site in the presence of a condensation agent such as 
dicyclohexyl carbodiimide (condensation method); a method comprising crosslinking a carrier and the 
peptide of the general formula (I) with a compound having two or more functional groups such as 

40 glutaraldehyde (carrier crosslinking method), and the like. The adsorbent obtained by immobilizing the 
peptide of the general formula (I) on the carrier according to the activated ester method has a most highest 
adsorption capability of IL-6. Usually, the amount of the peptide of the general formula (I) immobilized on 
the carrier should be about 3 x 10" 8 mole/g (carrier) or more so that the resulting adsorbent can adsorb a 
significant amount of IL-6, and about 1 x 10~ 7 to 2 x 10~ 6 mole/g (carrier) is preferable so that the peptide 

45 of the general formula (I) immobilized on the carrier can be efficiently utilized for adsorption of IL-6. 

Removal of IL-6 can be carried out by contacting the adsorbent obtained by immobilizing the peptide of 
the general formula (I) on the carrier with a body fluid containing IL-6 such as blood, plasma, serum and the 
like to adsorb IL-6. For Example, the absorbent is used by packing it in a column. It is preferable that the 
column used for this purpose has inlet and outlet parts having the shape which can be easily connected to 

so the blood circulation and is provided with filters of a material such as polyester between the inlet part and 
the adsorbent layer as well as between the outlet part and the adsorbent layer, respectively. Examples of 
the material for making the column include polyethylene, polypropylene, polycarbonate, polyester, poly- 
methyl methacrylate and the like. Among these, polypropylene and polycarbonate are particularly suitable 
because the column packed with the adsorbent can be subjected to sterilization such as autoclave 

55 sterilization, Y ray-sterilization and the like before use. 

For Example, removal of IL-6 from the body fluid of a patient using a column packed with the above 
adsorbent can be carried out according to an extracorporeal blood circulation system. As the extracorporeal 
blood circulation system, for Example, there are following two systems: 
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(1) Blood from the blood vessel of a patient is transferred to a column packed with the adsorbent, 
followed by removal of IL-6 from blood by adsorption in the column. The blood thus treated by passing 
through the column is then circulated in the blood vessel of the patient; 

(2) Blood from the blood vessel of a patient is firstly separated into the blood cell component and the 
plasma component and the separated plasma component is transferred to a column packed with the 
adsorbent. IL-6 is removed from the plasma component by adsorption in the column. Then, the plasma 
component thus treated by passing through the column is admixed with the above separated blood cell 
component, and the resulting mixture is circulated in the blood vessel of the patient. 

EMBODIMENT FOR WORKING THE INVENTION 

The following Examples further illustrate the present invention in detail but are not to be construed to 
limit the scope thereof. 



Example 1 

A peptide of the formula: H-Thr-Ser-Leu-Pro-Gly-Ser-Val-Thr-Leu-Thr-Cys-Pro-Gly-Val-Glu-Pro-Glu-Asp- 
Lys-OH was synthesized by using an automatic peptide synthesizer [manufactured by Applied Btosystems 
Corp U.S.A., Model 430A] according to solid phase synthetic method. 

That is 0 13 g of a granular resin of a styrene-divinylbenzene copolymer [molar ratio of styrene to 
divinylbenzene being 99 : 1] containing 4-[N a -(t-butoxycarbonyi)-N^chlorbenzyloxycarbonyl)-L- 
lysyloxylmethyl]phenyacetamidomethyl group, 

[ (CH 3 ) 3 C0 - C- XHCH — C - bCH 2 -{o)- CH , - C- NHCH,- ] 
II | . II w H 

0 (CH 2 ) $0 0 



™ N H - C - 0 - C H j — (o) C 1 



35 



40 



45 



in a ratio of 0.78 mmole/g (resin) [manufactured by Applied Biosystems Corp., U.S.A.. PAM Lysine, t-Boc-L- 
Lys (Cl-Z)] was used for binding the corresponding L-aspartic acid, L-cysteine. glycine, L-glutamic acid, L- 
leucine L-serine. L-proline, L-threonine and L-valine thereto in order toward the direction of the N-termmal 
of the desired peptide according to a series of operation as shown in Table 1. In the condensation reaction, 
the above amino acids were used as N-(t-butoxycarbonyl)-O fl -benzyl-L-aspartic acid anhydr.de, N-(t- 
butoxycarbonyl)-S-(p-methoxybenzyl)-L-cysteine anhydride, N-(t-butoxycarbonyl) glycine anhydride, N-(t- 
butoxycarbonyl)-0 T benzyl-L-glutamic acid anhydride, N-(t-butoxycarbonyl)-L-leucine anhydride, N-(t-butox- 
ycarbonyl)-0-benzyl-L-serine anhydride. N-(t-butoxycarbonyl)-L-proline anhydride, N-(t-butoxycarbonyl)-0*- 
benzyl-L-threonine anhydride and N-(t-butoxycarbonyl)-L-valine anhydride, respectively and their amounts 
were about five-fold molar amount based on the amount of the substrate. The condensation reaction was 
carried out at room temperature. The reaction time was varied depending on the kinds of amino acids to be 
condensed and ranged from 1 0 to 20 minutes. 
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40 After completion of the reaction operation for all the amino acids, the resulting resin was washed on a 
glass filter with diethyl ether, dichloromethane and methanol in order and vacuum dried to produce 0.41 g 
of a dried resin. In a reaction vessel made of polytrifluoromonochloroethylene (manufactured by Peptide 
Kenkyusho Co., Ltd., HF-reaction apparatus, Type I), 0.41 g of the resulting dried resin was admixed with 
0.6 ml of anisole and 0.1 ml of ethyl methyl sulfide and to the mixture was added 4 ml of hydrogen fluoride 

45 at -20° C. The mixture was stirred at the same temperature for 30 minutes and then at 0 C for 30 minutes. 
Hydrogen fluoride, anisole and ethyl methyl sulfide were removed from the resulting reaction mixture under 
reduced pressure and the residue was thoroughly washed on a glass filter with diethyl ether. The residue 
was extracted with a 2 N aqueous acetic acid solution and the extract was lyophilized to produce a crude 
product of peptide (0.2 g). 

so The resulting crude product of peptide was purified by preparative reversed phase high performance 
liquid chromatography [column: column (inner diameter: 10 mm, length: 300 mm) packed with oc- 
tadecyiated silica gel (grain size: 5 ^m), manufactured by Chemco Co.. Ltd., Develosil ODS; mobile phase: 
mixed solvent of acetonitrile containing 0.05% by volume of trifluoroacetic acid and water (the concentration 
of acetonitrile was gradually changed from 20% by volume to 35% by volume for 20 minutes.)] to obtain 50 

55 mg of the desired purified product of peptide. 

The resulting purified product of peptide was subjected to analytical reversed phase high performance 
liquid chromatography [column: column (inner diameter: 4 mm, length: 150 mm) packed with octadecylated 
silica gel (grain size: 5 „m), manufactured by Toso Co., Ltd., TSK gel ODS-80TM; mobile phase: mixed 
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solvent of acetonitrile containing 0.05% by volume of trifluoroacetic acid and water (the concentration of 
acetonitrile was gradually changed from 5% by volume to 50% by volume for 30 minutes); flow rate: 1 
ml/minute; detection method: absorbance at wavelength of 210 nm] and the result showed a single sharp 
peak at 17.5 minutes. The molecular weight of the purified product obtained by mass spectrum according to 
fast atomic bombardment method (hereinafter abbreviated as FAB method) was 2046 (theoretical value: 
2045.22). In addition, the purified product was hydrolyzed with hydrochloric acid and the resulting product 
was subjected to analysis of the amino acid composition. The results are as follows (figures in parentheses 
mean theoretical value): . 

lysine: 1.04 (1), aspartic acid: 2.09 (2), glutamic acid: 2.02 (2), proline: 3.10 (3), valine: 1.90 (2), glycine: 
1.95 (2), cystine: 0.44 (0.5), threonine: 3.11 (3). leucine: 1.99 (2), serine: 1.98 (2). 



Examples 2 to 96 

According to the same manner as that described in Example 1, the solid phase synthesis of peptide 
and purification thereof were carried out to obtain the peptides shown in Table 2, Table 3, Table 4, Table 5, 
Table 6, Table 7, Table 8, Table 9, Table 10, Table 11, Table 12 and Table 13. However, in Example 2, 
Example 5 Example 42 and Example 45. a granular resin of a styrene-divinylbenzene copolymer [molar 
ratio of styrene to divinylbenzene being 99 : 1] containing 4-[N-(t-butoxycarbonyl)-0«-benzyl-a-L- 
aspartyloxymethyllphenylacetamidomethyl group in a ratio of 0.78 mmole/g (resin) [manufactured by 
Applied Biosystems Corp., U.S.A., PAM Aspartic acid, t-Boc-L-Asp (OBzl)] was used as the resin for the 
solid phase. In Example 3, Example 11, Example 19. Example 27, Example 35, Example 43. Example 51, 
Example 59, Example 67, Example 75, Example 83 and Example 91. a granular resin of a styrene- 
divinylbenzene copolymer [molar ratio of styrene to divinylbenzene being 99 : 1] containing 4-[N-(t- 
butoxycarbonyl)-O r -benzyl-a-L-glutamyloxymethyl]phenylacetamidomethyl group in a ratio of 0.78 mmole/g 
(resin) [manufactured by Applied Biosystems Corp.. U.S.A.. PAM Glutamic acid. t-Boc-L-Glu (OBzl)] was 
used In Example 4. Example 12, Example 20. . Example 28. Example 36. Example 44. Example 52, Example 
60 Example 68. Example 76, Example 84 and Example 92. a granular resin of a styrene-divinylbenzene 
copolymer [molar ratio of styrene to divinylbenzene being 99 : 1] containing 4-[N-(t-butoxycarbonyl)- 
glycyloxymethyl]phenylacetamidomethyl group in a ratio of 0.78 mmole/g (resin) [manufactured by Applied 
Biosystems Corp., U.S.A.. PAM Glycine, t-Boc-Gly] was used. In Example 9, Example 10, Example 13. 
Example 17. Example 25, Example 33, Example 34. Example 37, Example 41, Example 49. Example 57. 
Example 58 Example 61, Example 65, Example 66. Example 69, Example 73, Example 74. Example 77, 
Example 81. Example 82, Example 85, Example 89. Example 90 and Example 93; a granular resin of a 
styrene-divinylbenzene copolymer [molar ratio of styrene to divinylbenzene being 99 : 1] containing 4-[N°- 
(t-butoxycarbonyl)-N s -chlorobenzyloxycarbonyl)-L-lysyloxymethyl]phenylacetamidomethyl group in a ratio of 
0 78 mmole/g (resin) [manufactured by Applied Biosystems Corp., U.S.A., PAM Lysine, t-Boc-L-Lys (Cl-Z)] 
was used. In Example 18, Example 21, Example 50 and Example 53. a granular resin of a styrene- 
divinylbenzene copolymer [molar ratio of styrene to divinylbenzene being 99 : 1] containing 4-[N-(t- 
butoxylcarbonyl)-0-benzyl-L-seryloxymethyl]phenylacetamidomethyl group in a ratio of 0.78 mmole/g (resin) 
[manufactured by Applied Biosystems Corp., U.S.A., PAM Serine, t-Boc-L-Ser] was used. In Example 26 
and Example 29. a granular resin of a styrene-divinylbenzene copolymer [molar ratio of styrene to 
divinylbenzene being 99 : 1] containing 4-[N-(t-butoxylcarbonyl)-L-alanyloxymethyl]-phenylacetamidomethyl 
group in a ratio of 0.76 mmole/g (resin) [manufactured by Applied Biosystems Corp., U.S.A.. PAM Alanine, 
t-Boc-L-Ala] was used. In Example 6, Example 7, Example 8. Example 14, Example 15, Example 16, 
Example 22. Example 23. Example 24, Example 30. Example 31, Example 32. Example 38. Example 39. 
Example 40. Example 46, Example 47, Example 48. Example 54, Example 55. Example 56, Example 62, 
Example 63, Example 64, Example 70, Example 71, Example 72, Example 78. Example 79. Example 80. 
Example 86. Example 87, Example 88, Example 94. Example 95 and Example 96. a granular resin of a 
styrene-divinylbenzene copolymer [molar ratio of styrene to divinylbenzene being 99 : 1] containing a- 
amino-p-methylbenzyl group in a ratio of 0.78 mmole/g (resin) [manufactured by Applied Biosystems Corp., 
USA, p-Methyl BHA Resin] was used. And, in the condensation reaction, L-alanine. L-arginine. L- 
asparagine. L-glutamine. L-histidine, L-isoleucine, L-lysine, L-phenylalanine, L-tryptophan. L-tyrosine, 12- 
aminododecanoic acid and 1 8-aminooctadecanoic acid were used as N-(t-butoxycarbonyl)-L-alanine anhy- 
dride, N-(t-butoxycarbonyl)-(2,4,6-trimethyl) benzene sulfonyl-L-arginine hydroxybenzotriazyl ester, N-(t- 
butoxycarbonyl)-L-aspargine hydroxybenzotriazyl ester, N-(t-butoxycarbonyl)-L-glutamine hydroxyben- 
zotriazyl ester, N«-(t-butoxycarbonyl)-N lm -dinitrophenyl-L-histidine hydroxybenzotriazyl ester, N-(t-butoxycar- 
bonyl)-L-isoleucine anhydride, N°-(t-butoxycarbonyl)-N«-2-chlorobenzyloxycarbonyl-L-lysine anhydride. N-(t- 
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butoxycarbony1)-L-phenylalanine anhydride, N-(t-butoxycarbonyl)-N ,m -formyl-L-tryptophan anhydride. N-(t- 
butoxycarbonyl)-O-(p-bromo) benzyloxycarbonyl-L-tyrosine anhydride. 12-(t-butoxycarbonylamino) 
dodecanoic acid anhydride and 18-(t-butoxycarbonylamino) octadecanoic acid anhydride, respectively. 

When the resulting purified products were subjected to analytical reversed phase high performance 

5 liquid chromatography [column: column (inner diameter: 4 mm, length: 150 mm) packed with octadecylated 
silica gel (grain size: 5 #im). manufactured by Toso Co.. Ltd.. TSK gel ODS-80TM; mobile phase: mixed 
solvent of acetonitrile containing 0.05% by volume of trifluoroacetic acid and water (the concentration of 
acetonitrile was gradually changed from 5% by volume to 50% by volume for 30 minutes); flow rate: 1 
ml/minute: detection method: absorbance at wavelength of 210 nm], they showed a single sharp peak. The 

w molecular weight of the purified products obtained by mass spectrum according to FAB method and the 
values of amino acid composition analysis of the products obtained by hydrolysis with hydrochloric acid are 
shown in Table 14, respectively. 
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Table 14 (continued) 
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Example 97 

10 g of cellulose particles (sold by Seikagaku Kogyo Co., Ltd., CM-Cellulofine CH) were suspended in 

38 
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50 ml of anhydrous dioxane (obtained by distilling dioxane commercially available in the presence of 
metallic sodium) and to the resulting suspension were added 0.5 g of N-hydroxysuccinimide and 1 .0 g of 
dicyclohexyl carbodiimide and then the mixture was shaken at room temperature overnight. The resulting 
mixture was washed with 0.02 .mole/liter of a phosphate buffer solution (pH: 7.4) and filtered with suction. 

5 The resulting particles were admixed with 0.02 mole/liter of a phosphate buffer solution (pH: 7.4, 20 ml) 
containing 20 mg of the peptide obtained in Example 1 and the mixture was stirred at 4° C overnight. The 
mixture was filtered with suction. Although the filtrate was subjected to analytical reversed phase high 
performance liquid chromatography, the remaining unreacted peptide was not observed (immobilization 
degree of peptide on carrier: about 100%). Like this, about 10 g of the adsorbent wherein 20 mg of the 

io peptide obtained in Example 1 was immobilized on cellulose particles was obtained. 



Example 98 

75 According to the same manner as that described in Example 97, about 10 g of an adsorbent wherein 
18.4 mg of the peptide obtained in Example 9 was immobilized on polyvinyl alcohol particles 
(immobilization degree of peptide on carrier: about 92%) was obtained except that 10 g of polyvinyl alcohol 
particles (manufactured by Toso Co., Ltd., Tsk-gel CM-Toyopearl 650C) were used in place of 10 g of 
cellulose particles and 20 mg of the peptide obtained in Example 9 was used in place of 20 mg of the 

20 peptide obtained in Example 1 . 



Example 99 

25 10 g of porous glass particles (manufactured by Electro-nucleonics Corp., U.S.A., CPG-10-1000) were 
heated under reflux in 100ml of a toluene solution containing 5 ml of r aminopropyltriethoxysilane for 24 
hours. The resulting mixture was washed with anhydrous dioxane and filtered with suction. The resulting 
particles were suspended in 100 ml of anhydrous dioxane and to the suspension was added 3 g of succinic 
anhydride. Then the mixture was stirred at room temperature overnight. The resulting mixture was washed 

30 with anhydrous dioxane and filtered with suction. The resulting particles were suspended in 50 ml of 
anhydrous dioxane and to the suspension was added 0.5 g of N-hydroxysuccinimide and 1.0 g.of 
dicyclohexyicarbodiimide. The mixture was stirred at room temperature overnight. The resulting mixture was 
washed with 0.02 mole/liter of a phosphate buffer solution (pH: 7.4) and filtered with suction. The resulting 
particles were admixed with 0.02 mole/liter of a phosphate buffer solution containing 20 mg of the peptide 

35 obtained in Example 17 (pH: 7.4, 20 ml) and this mixture was stirred at 4 C overnight. The mixture was 
filtered with suction to obtain about 10 g of an absorbent wherein 20 mg of the peptide obtained in Example 
17 was immobilized on the porous glass particle (immobilization degree of peptide on carrier: about 100%). 

40 Examples 100 to 192 

According to any one of manners as those described in Examples 97 to 99, adsorbents wherein 
peptides were immobilized on the granular carriers were obtained except that 20 mg of the peptides shown 
in Table 10 were used. The granular carriers used and immobilization degrees of peptide on carriers are 
45 shown in Table 15, respectively. 



50 



55 



39 



EP 0 426 857 A1 



c 
o 



• c* <D 

-o a) 

o L, 

£ co 

£ a> 

<-l *0 



00 



3 
o 
-a 

CO 



o 

ON 



in 

CO 



OS 



o 
o 



00 
OS 



o 

00 



GO 
CO 



o 

ON 



ON 



o 
o 



TO 



15 



u 



u 

CO 

u 
u 

CQ 

r-l 

c 

CO 

w 



20 



cd 
a. 



25 



CL 

E 
cd 
x 

Cd 



a. 

£ 



>3* 

a) 

a. 

£ 
<o 

eg 



r-l 

£ 
cd 
x 



<u 
i— < 
cu 
E 
cd 

U3 







(A 








OJ 




t-» 




r-l 


r— < 


o 




u 


o 


x: 




■H 




o 




J-J 


o 


ci 




(-• 


u 


•— t 




CO 




cd 




o. 


<d 


« — < 


cn 


0) 


»-f CO 




a) 


tn 


CD 


C 


«—• 


O 


C — < 




o 


r- * 


*W O 


> 






> * *■* 






r-t 






u 


r-l 


*-4 Vi 


o 


cd 


CU 


O eg 


cl 


CL 


(J 


CX CL 








O 


r>*. 




CO 


r-t 


dj 




CD 


OJ 


f— < 








P. 




cl 


P. 


a 




£ 


£ 


cd 




cd 


cd 






X 


X 






OJ 


Cd 



u 





CM 


cn 


<r 


LTN 




OO 


.— < 


r-t 


— » 


•— » 


r-l 


r-H 


rH 


0) 


a> 


OJ 


0) 


0) 


<U 


a> 


r-l 






r-i 


r-t 


r-l 


r-l 


PL 


CL 


a. 


a. 




CL 


CL 


£ 


£ 


£ 


£ 


§• 


£ 


£ 


cd 


cfl 


CO 


cd 


«d 


cd - 


Of 


X 


X 


X 


X 


X 


X 


X 


Cd 


CO 


Cd 


Cd 


Cd 


Cd 


Ld 



OL 

cu 



30 



o 



35 



CL 

£ 
cd 
X 

cd 



o a 



o 



o 



CO 

o 



ON 

o 



40 



45 



50 



55 



40 



EP 0 426 857 A1 



w 



15 



c 
o 



0> 

JO CU 
O U 

§00 
cu 



td 
t— i 

3 
C 

CO 

u 



20 



25 



30 



x 
a 



c 

c 



-a 
- ^ 
u 
a 
a) 
cu 



35 



E 
cO 



cn 
o\ 



on 



a 
o 

CO 



cu 
u 



CO 

a. 



0) 



CM 



00 



O 

o 



o 
o 



CO 



o 
o 



a* 



vO 

on 



ON 



ON 

ON 



CI 



o 
o 



CO 
ON 



a. 
E 

x 



<u 
c 



O 



Cl 

£ 

X 
td 



CU 
o 



at 



D 
O 

u 
o 
a. 



cu 
E 
CO 
X 
CxJ 



CU 
E 
cd 
X 
Cd 



e 

CO 
X 

w 











to 






a> 










CO 


u 


cn 


0) 




CU 


,— * 


i-l 




u 




o 


• r* 


CO 




U 


cu 


W 


Wt 




Ui 


<a 


w 


ed 


cu 


CO 


CU 




CO 




Q> 




0J 


CA 


00 


cn 


O 




O 


r— 1 


cn 


r-* 


3 


3 


3 




O 


r-t 


r-l 


u 


t-< 


0) 


o 


<U 


a 


cu 


CJ 


sr 




vO 


CsJ 


CM 


CM 


<U 


QJ 


cu 




<— t 




cu 


cu 


Cu 


s 


E 


E 


ca 


CO 


«0 


X 


X 


X 


Id 


Cd 


cd 



Cu 
E 
03 
X 
Cd 



oo 


ON 


o 




CM 


cn 




CM 


CN 


m 


cn 


m 


cn 


cn 


CU 


<u 


0) 


CU 


a) 


cu 


a> 


i— i 




f-» 


f— < 


r-t 


t-i 


f— i 


CL 


Ou 


CU 


a 


a. 


cu 


cu 


B 


E 


E 


E 


E 


E 


E 


CO 


to 


CO 


cd 


cd 


CO 


td 


X 


X 


X 


X 


X 


X 


X 


Cd 




Cd 


id 


U3 


Cd 


cu 



CM 
CM 



cn 

CM 



<r 


m 


vO 


r-» 


OO 


ON 


o 


CM 


CM 


CM 


CM 


CM 


CM 


cn 


r-H 


r-H 


f-« 


•—1 


<— 1 


r— 1 





40 



45 



50 



55 



41 



EP 0 426 857 A1 



o 



X) 01 
O V- 

fttJ 



O 
ON 



3 
O 

JO 



ON 



O 

o 



CO 



CM 
Ox 



O 

CO 



CO 
CO 



o 
on 



o 
o 



70 



75 



u 
u 

CO 



w 
CO 

3 
C 

CO 

t- 



20 



QJ 
TP 



0) 

o 

U 

CO 
P. 



<J 



a. 

E 

CO 

X 

u 











oi 










O 


u 


o 


J3 


• rl 


xs 


o 


U 


o 


u 


U 


o 


<-< 


CO 


r-t 


CO 


P. 


CO 


«— « tn 


<U 


^ tn 




to 




C i-» 


o 


c ^ 


•H O 


r-4 


•H U 


5> -H 


3 


> *^ 


>N *-» 


f— i 


>-% XJ 


r-4 Wl 


«-4 


r-l 


o to 


01 


O aj 


G, 0l 


u 


o, a. 





r- 


CO 


ox 


CO 


co 


co 


co 


0) 


Of 


0) 


a) 


1— 1 


»— » 


f-4 




a. 




a. 


Ol 


a 


£ 


E 


E 


CO 




cd 


<0 


X 


X 


X 


X 


W 


ua 


w 


Ul 



a. 
E 



X 



a. 
E 
CO 
X 



a. 

6 

CO 
X 
U3 





en 






0) 






r-f 






U 






•r-» 






AJ 






V* 






CO 






P- 












01 






cn 






O 






i— < 






3 






«— » 












01 






u 




co 


<r 








<r 


a> 


o> 


ot 


<— » 




*-t 


a. 


a. 


a. 


E 


£ 


E 


co 




«0 


X 


X 


X 


W 


(X) 


CO 



cfl 
X 



a. 

E 
CO 

3 



CO 



a. 
E 

(9 
X 

w 



E 
cO 
X 

w 



25 



c 
c 



a. 

oi 



a> 
c 



o 



30 



E 
eo 
X 



CO 

ro 



CO 


ON 


o 




CM 


CO 


CO 


CO 










r~t 


r-t 








r-( 



-3" 
*>3* 



35 



40 



45 



50 



55 



42 



EP 0 426 857 A1 




43 



EP 0 426 857 A1 



O 

o 



o 



CO 
CO 



OS 



o 
o 



CO 



10 



0) 

o» 

o 

§00 
<u 

r-l T7 



75 



3 
C 

o 



20 



3 
O 



oi 



ttl 






01 






r— l 






u 






• f-» 






u 


r— 1 




Vi 


o 




<a 






a. 


O 






(J 




w 


r-* 




01 


03 










t— * 


i— l 


01 


□A 




cu 




C 




«1 




u 




> 


• •H 


O 


>» 


u 


U» 


r-< 


rJ 


o 


O 


CO 


a. 


IX 


a. 




( — 




vO 


v£> 




01 


0) 










a. 


a. 




E 


E 




to 


<u 




X 


X 




Cd 







oi 

.—I 

a 



co 
a. 



w 




o> 








u 




• H 








u 


o- 


aj 


x: 


a. 


o 




o 


en 


1— 1 


0) 


<0 


03 






r-l Cft 


00 


>> a> 






(0 


*H O 


3 


> *H 


o 


>% 4J 


u 


r-l w 


o 


o a) 


a 


p. p. 



oo 




o 


—l 




CO 


<r 




\£> 


vO 


vD 






r-» 


r-» 


r*. 


r» 


r- 


01 


<U 


0) 


01 


01 


0) 


01 


0) 


41 


r-H 


r-l 


r-l 


•—i 


r-l 


r-t 


r-l 


■—i 




P. 


O. 


O. 


cu 


P. 


o. 


o* 


cu 


a. 


a 


S 


e 


E 


B 


E 


B 


E 


£ 


CO 


CO 


CQ 


CO 


CO 


CO 


ccj 


CO 


CO 


X 


X 


X 


X 




X 


X 


X 


X 


Cd 


Cxi 


CO 


Ul 




Cd 


Id 


CU 


Cd 





01 








r-4 








O 
















u 








qj 








P« 








V 








(A 








O 








i-l 
















r-4 
















0) 








U 








00 




O 


r- 




l — 


OO 


0) 


Of 


0) 


01 


i— ( 


I-l 


r-l 


r-4 


a. 


a. 


a. 


P. 


a 


S 


s 


E 


cd 


aj 


a) 


<o 


X 


X 


X 


X 


CU 


Cd 


Id 





25 



c 

. c 



a. 

0) 

a. 



01 

c 



30 



jo 
o 



a. 

E 

CO 
X 



CO 



r-. oo 



ON 



r*. r-. r» 



35 



40 



45 



50 



55 



44 



EP 0 426 857 A1 



c 
o 



0J 
X» 0J 
U 
GO 

_ <U 



/0 



75 



CO 



c 

CO 



20 



25 



30 



X) 



O- 

a> 
a* 



o. 

£ 

x 



o 
o 



OO 
CO 



CO 



o 
o 



o 



ON 
OO 



3 

o 
to 



o 

o 
u 



r-J CO 

C — ' 

> •** 

o « 
a. a. 





CM 


m 


OO 


CO 


CO 


a) 






i— i 






a. 


Du 


a. 


£ 


E 


s 


<0 


(0 


to 


X 


X 


X 


W 


Ul 


U3 


c 












ts 






a> 






c 






■«-« 






CO 






l_» 






X* 






o 







o 
<— • 
3 



0) 



Ul 






a) 












ci 


















j-i 


o 




CO 


Xi 




a. 


CO 




CO 






tn 


a 




(0 






#-« 




<n 


OO 


>» 


Q) 




e 


r-l 


(A 


•f-4 


O 


3 


> 


*H 


O 




4-1 


u 


<— i 


u 


o 


O 


«0 


a 


a. 


a. 









r» 


CO 


ON 


O 


CO 


CO 


CO 


CO 


CO 


00 


OA 


a) 


a> 


a> 


tu 


QJ 


a> 


0) 




,— < 




f— 1 


r-t 








a. 


a. 


a. 


CL 


a* 


p. 


E 




e 


£ 


6 


e 


£ 


« 




CO 




CO 


CO 


*0 




X 


X 


X 


X 


X 


X 


CO 


ui 


Ul 


U) 


Ul 


Ul 


Ul 



o 




CVl 




<T 


*n 


vO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 






1— ( 


~-4 


«— ( 




r-4 



u 



•— 1 


CM 


CO 




i/N 




ON 


Ox 


on 


ON 


ON 


ON 


0) 


OJ 


at 


a> 


CU 


0) 


r-l 


,—1 






#-< 




cu 


Cu 




a. 


CX 


CL 


E 


B 


£ 


s 


e 


E 


CO 


CO 


(0 


CO 


CO 


a) 


X 


X 


X 


X 


X 


X 


CxJ 


Ul 


ua 




Ul 


Ul 



r-. 


OO 


ON 


o 


1— » 


CM 


co 


CO 


OO 


ON 


ON 


ON 


»— 4 


c— 1 




«— * 


•— 1 





35 



Experiment 1 

40 

Obtaining IL-6 receptor expression cells 

A human lymphocyte fraction was obtained from human peripheral blood with Ficoll-Paque 
(manufactured by Pharmacia-LKB). The fraction was reacted with a cultured supernatant of Epstein-Barr 
45 Virus producing cell strain, B95-8 to transform the human lymphocytes to obtain IL-6 receptor expression 
cells. 



Preparation of FITC labeled anti-IL-6 antibody 

50 

1 mg of anti-human IL-6 antibody [Rabbit Anti-human lnterleukin-6, manufactured by Genzyme Corp.] 
was dissolved in a 0.05 M carbonate buffer solution (pH: 9.5) and to the resulting solution was added 10^g 
of FITC [Fluorocein isothiocyanate. manufactured by Sigma Corp.]. The mixture was stirred at 4 C 
overnight The resulting solution was passed through PD-10 column (manufactured by Pharmacia-LKB) to 
55 obtain FITC labeled anti-IL-6 antibody as a firstly eluted fraction. 



Activity for inhibition of binding of IL-6 to receptor by peptide 



45 
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10 s IL-6 receptor expression cells were suspended in 0.5 % BSA (bovine serum albumin, manufactured 
by Sigma Corp.)-PBS (a phosphate buffer solution containing 0.15 M sodium chloride, pH 7.4) and to the 
resulting suspension were added 50 ng of IL-6 [Human recombinant interleukin-6, manufactured by 
Genzyme Corp.) and 5 ^g of the peptide obtained in any one of Examples 1 to 96. The suspension was 

5 allowed to stand at 4* C for one hour. Then, after washing the cells centrifugally with 0.5% BSA-PBS three 
times (1200 rpm, 5 min.), 1 fig of FITC labeled anti-IL-6 antibody was added and the mixture was allowed to 
stand at 4° C for 30 minutes. After washing with 0.5% BSA-PBS three times, the intensity of fluorescence of 
the cells was determined. The binding inhibition activity of the peptide of each Example was evaluated, by 
taking the value obtained without addition of the peptide as a control and taking the value obtained without 

io addition of IL-6 as a blank, according to the following formula: 

Intensity of Intensity of 

fluorescence of - fluorescence when 
75 Binding /control peptide being added \ 

inhibition = ■ ) x 100 

activity (%) \Intensity of Intensity of J 

fluorescence of - fluorescence of 

control blank 



20 



The results obtained for the peptides of Examples 1 to 96 are shown in Table 16. 
Table 16 



Off 


Peptide 






Binding inhibition 
activity (%) 




peptide obtained 


in Example 


1 


38 


30 


ii 


Example 
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35 




it 
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3 


40 
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Table 16 (continued) 

Peptide Binding inhibition 

activity (%) 

5 - _ . 
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in example io 
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Table 16 ( continued) 



Peptide Binding inhibition 

activity (%) 



5 





peptide obtained 


in Example 3 5 
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48 
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Example 38 
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Table 16 (continued) 



Peptide 



Binding inhibition 
activity (%) 
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Table 16 (continued) 
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Table 16 (continued) 
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ti 
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30 Experiment 2 

Preparation of biotin labeled anti-IL-6 antibody 



35 



200 fig of the same anti-IL-6 antibody as that used in Experiment 1 was dissolved in 0.2 ml of a 0.1 M 
NaHC0 3 aqueous solution. To the resulting solution was added 20 nQ of a solution of NHS-LS-biotin 
[manufactured by Pierce Corp.] in DMF (1 mg/ml) and the mixture was allowed to react at room 
temperature for 4 hours. The reaction mixture was dialyzed to PBS at 4° C to obtain a biotin labeled anti-IL- 
6 antibody. 

Adsorption of IL-6 in serum 

50 mg of the adsorbent obtained in any one of Examples 97 to 192 was shaken with 500 ?\ of serum 
45 from a patient with rheumatism containing IL-6 at 37° C for 3 hours and the supernatant was used as a test 
solution. 



40 



50 



Measurement of IL-6 concentration in test solution and evaluation of adsorbabiiity of adsorbent 



The same anti-IL-6-antibody as that used in Experiment 1 was immobilized in each well of a flat bottom 
96 well-plate [Falcon Rigid-Assay Plate, manufactured by Becton Dickinson Corp.] in an amount of 2.5 
^g/w II. After blocking each well with 1% BSA-PBS, 50 ^ portions of the test solution were distributed into 
wells. After standing at 4*C overnight, each well was washed and 0.5 t*\ portions of biotin labeled anti-IL-6 
55 antibody were distributed into wells. The ptate was further allowed to stand at 37 °C for one hour. After 
washing each well, HRP labeled streptoavidin [1500-fold dilution, manufactured by Kirkegaard & Perry Lab. 
Inc.] was distributed into each well and the plate was further allowed to stand at 37* C for 30 minutes. After 
washing each well, ABTS was added in the presence of H 2 0 2 to develop color and difference between 
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absorbances at 409 nm and 501 nm of each well was measured. A calibration curve was prepared from the 
absorbances of wells wherein solutions containing a known concentration of human IL-6 were added in 
place of the test solution and IL-6 concentration in each test solution was determined by using the 
calibration curve. An adsorption renrioval rate of IL-6 was calculated by using the IL-6 concentration obtained 
5 by using an adsorbent, wherein glycine was immobilized on cellulose particles in place of peptide as a 
control value, according to the following formula: 



Control value 



ro Adsorption f 
removal rate {%) =i - 



- Concentration in 
test solution 



|x 100 



Control value 



75 The results are shown in Table 17, 
Table 17 
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Table 17 (continued) 
Absorbent Adsorption removal rate {%) 
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Table 17 (continued) 
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Table 17 (continued) 
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Table 17 (continued) 
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Table 17 (continued) 
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INDUSTRIAL APPLICABILITY 



According to the present invention, there is provided a peptide of the general formula (I) useful in the 
treatment of autoimmune disease. Since the peptide of the general formula (I) inhibits binding of IL-6 to its 
receptor, administration of the peptide to a patient with an autoimmune disease is effective for inhibiting the 
production of autoimmune antibody caused by binding of IL-6 to its receptor. 

Further, according to the present invention, there is provided an adsorbent wherein the peptide of the 
general formula (I) is immobilized on an insoluble carrier. The absorbent can be used for removing IL-6 
from a patient with an autoimmune disease by extracorporeal blood circulation system using the absorbent. 

Claims 

1. A peptide being capable of binding to interleukin 6 represented by the general formula: 
H-X-A-Y-2 

wherein A is a peptide segment formed by binding 6 to 50 amino acids; each of X and Y is a single 
bond or an amino acid residue selected from the group consisting of Asp, Glu, Lys, Ala and a divalent 
group of the formula: -NH(CH 2 ) n -CO-(wherein n is an integer of 1 to 17), or a peptide segment 
composed of 2 to 10 amino acid residues selected from the above group bound to each other through 
a peptide bond; Z is hydroxyl group or amino group. 

2. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -Gly-Thr-Val-His-Leu- 
Leu-Val-Asp-Val-Pro-Pro-Glu-Glu-Pro-Gln-Leu-Ser-Cys-Phe-Arg-Lys-. 

3. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Arg-Lys-Phe-Gtn-Asn- 
Ser-Pro-Ala-Glu-Asp-Phe-Gln-Glu-Pro-Cys-Gln-Tyr-Ser-Gln-Glu-Ser-. 



57 



EP 0 426 857 A1 



4. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -Thr-Ser-Leu-Pro-Gly- 
Asp-Ser-Val-Thr-Leu-Thr-Cys-Pro-Gly-Val-Glu-Pro-Glu-Asp-. 

5. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -Gln-Ala-Leu-Thr-Thr- 
5 Asn-Lys-Asp-Asp-Asp-Asn-lle-Leu-Phe-Arg-Asp-Ser-Ala-. 

6. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Trp-Asn-Ser-Ser-Phe- 
Tyr-Arg-Leu-Arg-Phe-Glu-Leu-Arg-Tyr-Arg-Ala-Giu-Arg-Ser-Lys. 

70 7. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Ser-Thr-Pro-Ser-Leu- 
Thr-Thr-Lys-Ala-Val-Leu-Leu-Val-Arg-Lys-Phe-Gln-Asn-Ser-Pro-Ala-Glu-Asp-. 

8. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -Asn-Pro-Arg-Trp-Leu- 
Ser-Vai-Thr-Trp-Gln-Asp-Pro-His-Ser-. 

75 

9. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -His-Ser-Trp-Asn-Ser- 
Ser-Phe-Tyr-Arg-Leu-Arg-Phe-Glu-Leu-Arg-Tyr-Arg-Ala-Glu-Arg-Ser-Lys. 

10. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Pro-His-Ser-Trp-Asn- 
20 Ser-Ser-Phe-Tyr-Arg-Leu-Arg-Phe-Glu-Leu-Arg-Tyr-Arg-Ala-Glu-Arg-Ser-Lys-. 

11. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Asp-Pro-His-Ser-Trp- 
Asn-Ser-Ser-Phe-Tyr-Arg-Leu-Arg-Phe-Glu-Leu-Arg-Tyr-Arg-Ala-Glu-Arg-Ser-Lys-. 

25 12. A peptide according to claim 1, wherein A is a peptide segment of the formula: -Gln-Asp-Pro-His-Ser- 
Trp-Asn-Ser-Ser-Phe-Tyr-Arg-Leu-Arg-Phe-Glu-Leu-Arg-Tyr-Arg-Ala-Glu-Arg-Ser-Lys 

13. A peptide according to claim 1 , wherein A is a peptide segment of the formula: -Trp-Gin-Asp-Pro-His- 
Ser-Trp-Asn-Ser-Ser-Phe-Tyr-Arg-L^ 

30 

14. An adsorbent comprising the peptide according to claim 1 immobilized on a carrier. 

15. An adsorbent comprising the peptide according to claim 2 immobilized on a carrier. 
35 16. An adsorbent comprising the peptide according to claim 3 immobilized on a carrier. 

17. An adsorbent comprising the peptide according to claim 4 immobilized on a carrier. 

18. An adsorbent comprising the peptide according to claim 5 immobilized on a carrier. 

40 

19. An adsorbent comprising the peptide according to claim 6 immobilized on a carrier. 

20. An adsorbent comprising the peptide according to claim 7 immobilized on a carrier. 
45 21- An adsorbent comprising the peptide according to claim 8 immobilized on a carrier. 

22. An adsorbent comprising the peptide according to claim 9 immobilized on a carrier. 

23. An adsorbent comprising the peptide according to claim 10 immobilized on a carrier. 

50 

24. An adsorbent comprising the peptide according to claim 1 1 immobilized on a carrier. 

25. An adsorbent comprising the peptide according to claim 12 immobilized on a carrier. 
55 26. An adsorbent comprising the peptide according to claim 13 immobilized on a carrier. 
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